Objective: The aim of the current study was to investigate the impact of gender and age on incidental and intentional memory in healthy participants and to explore the strength of the association of incidental and intentional memory with attentional and executive functioning. Method: A total number of 47 participants underwent a driving simulation experiment and went through detailed neuropsychological testing. Incidental memory was assessed with a questionnaire that evaluated the memorization of information related to the driving simulator task while intentional memory was assessed using the Hopkins Verbal Learning Test-Revised and the Brief Visuospatial Memory TestRevised. Results: The analysis revealed a greater impact of age on incidental as compared to intentional memory. Gender did not appear to have such an effect on either incidental or intentional memory. Finally, attentional and executive functioning were more strongly associated with incidental memory than the intentional memory measures that were utilized in the current study.
Introduction
The formation of episodic mnemonic traces is based on the encoding of new information, a process which can be either intentional or incidental. Intentional memory refers to conditions in which individuals try consciously to memorize information. In the case of neuropsychological assessment of intentional memory, participants are always informed in advance that they will have to remember the material that is presented during the testing phase (Benedict, Schretlen, Groninger, & Brandt, 1998; Delis, Kramer, Kaplan, & Ober, 1987; Schmidt, 1996) . Thus, it is considered to be an effortful way of acquiring episodic information through the engagement of attentional and executive resources (Karrasch et al., 2010; Vingerhoets, Vermeule, & Santens, 2005) . On the other hand, incidental memory is unintended and in the case of neuropsychological testing it refers to the situation where participants are not previously warned about their subsequent memory evaluation. Due to the fact that participants are not intentionally trying to memorize information, incidental memory seems to be a less effortful process than intentional memory (Bjorklund, 1995) . Incidental memory is considered to be a more prominent function in everyday situations because individuals most commonly experience incidents without actually intending to encode and remember information (Vingerhoets et al., 2005) .
As regards gender differences in incidental memory, previous studies have demonstrated inconsistent results. Generally, it is thought that females outperform males in incidental memory tasks (Eals & Silverman, 1994; Herlitz, Nilsson, & Bäckman, 1997; McGivern et al., 1998; Silverman & Eals, 1992) . However, the study of Chipman and Kimura (1998) suggested that females had superiority in incidental and intentional memory only when the relevant task involved verbal information.
In relation to age, most of the previous studies have observed that incidental memory declines with normal aging (Joy, Fein, Kaplan & Freedman, 2000; Mergler, Dusek & Hoyer, 1977; Patton & Meit, 1993; Ryan, Kreiner & Tree, 2008; Shuttleworth-Jordan & Bode, 1995) . More specifically, Patton and Meit (1993) found that younger participants recalled significantly more incidentally encoded information than the older ones both immediately after having watched a film and a day later. Similarly, in a more recent study, Ryan and colleagues (2008) used the Symbol Digit Modalities Test (SDMT) for assessing incidental memory and found that age had a significant negative effect on performance. Their results are in accordance with those of Shuttleworth-Jordan and Bode (1995) and Joy and colleagues (2000) studies who demonstrated a significant effect of age on incidental memory by using the SDMT as well. On the contrary, Karrasch and colleagues (2010) did not find a significant impact of age on incidental memory performance. In their study, incidental memory was assessed by using a modification of the Boston Naming Test BNT (memo-BNT)
Few studies have been conducted in order to examine incidental versus intentional memory and those have revealed contradictory results. In his study, Sinnott (1986) investigated the effect of age on incidental and prospective/intentional memory for daily experiences. His findings suggest that age affects incidental, but not prospective/intentional memory. On the other hand, Crook, Larrabe, and Youngjohn (1993) found that age was more strongly associated with intentional rather than with incidental learning. Similarly, a study of Davis, Trussell, and Klebe (2001) demonstrated a significant effect of age on both incidental and intentional memory that was more pronounced in the latter case. Finally, Téllez-Alanís and Cansino (2004) suggested that the older participants performed lower than the younger in both the incidental and intentional memory recognition task.
Given that incidental memory is more prevalent in everyday life, Plancher, Gyselinck, Nicolas, and Piolino (2010) examined incidental memory versus intentional memory in a "virtual reality" experiment using a computer-generated driving task. The authors observed that compared to the younger participants the older performed worse in intentional memory tasks whereas incidental memory seemed to be better preserved.
The aim of this study was to further investigate incidental and intentional memory in cognitively intact individuals by studying the impact of age and gender. Taking under consideration that incidental memory is more prevalent in everyday life, an experiment was designed in order to assess incidental memory through a task that simulated everyday activities. On the other hand, intentional memory was assessed in the classical way by utilizing two neuropsychological tests that are commonly part of a typical neuropsychological assessment. Along this vein, for increasing the existing insight about incidental memory we addressed the following critical methodological issues: (a) application of a virtual reality environment with the use of a driving simulator for achieving high levels of ecological validity, (b) application of memory tasks that include both verbal and visuospatial information for achieving a multimodal evaluation of memory, (c) application of memory tasks that assess not only recognition but also the more demanding process of recall, (d) comparison of age groups with a clear age difference but without the inclusion of individuals above the age of 75 that are commonly affected in a critical way by the ageing process, (e) careful selection of the participants in order to exclude cases of individuals with cerebral disorders, such as Mild Cognitive Impairment (MCI), Alzheimer's Disease (AD), and Parkinson's Disease (PD), and (f) application of incidental and intentional memory tasks with similar difficulty levels in order to avoid any undue influence of task demands on our findings.
The second goal of the current study was to explore the association of incidental and intentional memory with executive and attentional functions. Our rationale for the exploration of this link was to obtain empirical evidence about the relative importance of attentional and executive functioning in the case of intentional and incidental episodic memory.
Method

Participants
The sample for this study is consisted of 47 healthy participants (23 males and 24 females). The age of the participants was M = 45.6 years, SD = 16.5 years. All the participants were right-handed and met the following inclusion and exclusion criteria: (a) presence of a valid driving license, (b) negative psychiatric history for psychosis or any important neurological disorder, (c) absence of dizziness or nausea while driving, (d) absence of alcohol or of any illicit drug addiction, and (e) absence of any important vision disorder that prevents them from driving safely. Participants who failed in even one of the above criteria were not included in the present study.
In order to investigate how gender and age affect incidental and intentional memory, the participants were divided according to gender and according to age, younger adults (under 45 years old) and older adults (over 55 years old). In order to distinguish memory impairment due to ageing, the two age groups were carefully selected in order to have a clear age difference between them. Moreover, individuals above the age of 75 were excluded from the analyses in order to avoid an accelerated effect of ageing on general mental capacity (Tilvis et al., 2004; Van Hooren et al., 2007) . Furthermore, according to previous research the likelihood of an individual being diagnosed with MCI or dementia increases with age (Busse, Bischkopf, RiedelHeller, & Angermeyer, 2003; Luck et al., 2007; Katz et al., 2012) , especially above the age of 75 (Ravaglia et al., 2008; Solfrizzi et al., 2004 Wechsler, 1997a) , Spatial Span Task (Wechsler, 1997b) , Spatial addition test (Wechsler, 2009 ) and the Trail Making Test (TMT; Reitan, 1979; Zalonis et al., 2008) , whereas the base width is 78 cm and the total field of view is 170 degrees. (d) Incidental memory was assessed by the administration of a questionnaire after the completion of the driving simulator session. In this, participants were asked to recall freely the names of eight items that they had seen during the driving session (Free Recall Score). These items are presented in Fig. 1 . A recognition task was administered to participants who did not recall the full number of items (Recognition Score). For this component of the assessment, participants were asked to select the correct item among three alternatives (Fig. 2) .
In rural and urban areas, the speed limit signs were presented twice, at the beginning and in the middle of the driving trial. In the rural area, the warning sign "for wild animal crossing" was presented to the participants twice. During each driving condition, two unexpected incidents were scheduled to occur at fixed points along the drive. More specifically, incidents in the rural area included the sudden appearance of an animal (donkey) on the road, while incidents in urban areas included either the sudden appearance of an adult pedestrian or of a child chasing a red/orange ball, which was heading towards the road or of a car suddenly leaving a parking spot and moving onto the road (Fig. 3) . The rural route trials were single carriageway, while the urban route was mostly dual carriageway, separated by guardrails. Finally, in the rural area participants were presented with 800 m of a pond with a small boat floating on it. 
Selecting the Intentional and Incidental Memory Task: Equivalent Level of Difficulty
A main concern of the present study was the application of incidental and intentional memory tasks with similar levels of difficulty in the group of the young adults for studying the genuine effect of age on both encoding procedures. For this reason, paired samples t-test analyses were carried out in order to investigate the differences between incidental and intentional memory performances (verbal and visuospatial) with special focus on the group of young adults. More specifically, we examined the differences in memory performance between incidental memory task with the three immediate recall trials of the intentional memory tasks, the summary score of trials 1-3 and the delayed recall measures (Table 1) .
For utilizing a common scale that would make feasible the comparison between the two types of memory, the raw scores of both incidental and intentional memory tasks were converted into percentages by applying the following formula: (number of items recalled or recognized/total number of correct items) * 100. For example, if an individual had a score of 6 out of 12 in the HVLT the percentage score would be 50 according to the aforementioned mathematic formula: 6 (the raw score in HVLT)/12 (total number of correct items in HVLT) * 100, thus meaning that this specific participant was able to retain the 50% of the verbal information that was initially presented. The results of this part of the analyses are presented in Table 1 .
Based, on the aforementioned analyses the participants had a rather similar performance (non-significant difference) in the following comparisons: (a) incidental memory task with the second learning trial of HVLT-R (intentional verbal memory) and (b) incidental memory task with the second learning trial of BVMT-R (intentional visuospatial memory). Thus, in the current study, intentional verbal memory performance was assessed with the second immediate recall trial of the HVLT-R whereas the intentional visuospatial memory performance was examined with the second immediate recall trial of the BVMT-R.
Power Analyses
A pre-study power analysis was performed to detect large effect sizes with good power (>0.8) and medium effect sizes with relatively sufficient power (>0.7) that showed that a sample size of roughly 45 participants was required for this purpose (Erdfelder, Faul, & Buchner, 1996; Cohen, 1988) .
Ethical Considerations
This study was approved by the Ethics Committee of the University General Hospital "ATTIKON" and was completed in accordance with the Helsinki Declaration. It was explained to all the individuals that participation was on a voluntary basis and that they had the right to withdraw any time they wished to, and they then signed a written consent form to that effect. Participants were also informed about the procedure the study would follow; the duration and the type of information that they would be asked to give during the data collection process. Also, participants were ensured that the procedure would be confidential and that the use of their data and their background information would be for research purposes only.
Results
Demographic Characteristics of the Participants
The demographic characteristics of the participants are presented in Table 2 . The participants did not differ significantly according to years of education and general level of cognition as measured by the MMSE.
Impact of Gender and Age on Incidental and Intentional Memory
Two-way ANOVA models were conducted in order to explore the impact of gender and age on incidental and intentional recall and recognition. Mean scores and standard deviations of incidental, intentional (verbal and visuospatial) memory according to gender and age are presented in Table 3 .
Six 2 × 2 ANOVAs were performed to investigate the impact of gender and age on incidental, intentional verbal and intentional visuospatial recall (Table 4 ) and recognition (Table 5) .
Regarding incidental recall, the main effect of age was significant, ( )= (Fig. 4) . Non-significant results were detected in the case of intentional verbal memory (Fig. 5 ). The two-way analysis of variance also revealed a -significant main effect of age on intentional visuospatial recall, . It appears that the older males performed worse than the younger males whereas older and younger females had very similar performance (Fig. 6) . Hence, the effect of age on intentional visuospatial memory is driven by the subgroup of males. The two-way analysis of variance for the recognition tasks showed that only in incidental recognition the main effect of age was significant
15.65 , p < .001, partial η = .267 2 . Our findings suggest that the older adults
19.9 compared to the younger ( = = ) M S D 89.3, 13.7 had worse performance in incidental recognition. The interaction effect between gender and age on incidental recognition was non-significant, ( )= F 1, 43 3.41, p = .072, partial η = .074 2 (Fig. 7) . Non-significant results were observed for the other recognition tasks (Figs. 8 and 9 )
Incidental and Intentional Memory Associations with Attention and Executive Function
In order to investigate what extent incidental and intentional memory is associated with tasks engaging attention and executive resources, single regression models were conducted between each appropriate neuropsychological test and the measures of incidental and intentional memory (verbal or visuospatial). Table 6 (Table 6 ).
Discussion
The purpose of the present study was to examine the impact of age and gender on incidental and intentional memory in cognitively intact individuals. Also, we sought to examine the association of incidental and intentional memory with executive and attentional functions. With respect to incidental memory, a significant main effect of age was observed on all tasks and was independent of gender. In particular, the older participants performed worse both in incidental recall and recognition memory tasks when compared to younger participants. Regarding intentional memory performance, significant differences were found only in the intentional visuospatial free recall task between the two age groups. However, by studying the interaction effect of age and gender as well, it appears that age has a significant impact on intentional visuospatial memory only in case of male participants. More specifically, older males performed significantly worse in intentional visuospatial free recall when compared to younger males whereas older females performed similarly with the younger females in the same task. The presence of a more robust effect of age on incidental memory is also supported by the greater effect size that was observed in the case of incidental memory as compared to intentional memory.
Our findings agree with those of previous studies that indicate decline of incidental memory due to ageing (Patton & Meit, 1993; Ryan et al., 2008; Shuttleworth-Jordan & Bode, 1995) as well as a greater negative impact of age on incidentally encoded than intentionally encoded material (Davis et al., 2001; Sinnott, 1986) . Hence, it appears that older adults are able to retain information more effectively when they apply intentional encoding procedures therefore it can be assumed that the decline in incidental encoding is more sensitive to the ageing process. However, a recent study by Plancher and colleagues (2010) suggests the opposite pattern of findings. More specifically, this study found that older adults compared to younger individuals have augmented difficulties in intentional memory while their incidental memory performance seems to be intact. However this previous study has followed a different methodological approach as compared to the present research. Firstly, in this aforementioned study the researchers assessed intentional and incidental memory through a virtual environment. On the contrary, in our study incidental memory was evaluated with the use of an ecologically valid driving simulator procedure (Yannis, Papantoniou, & Nikas, 2015) that has the capacity to create a more vivid and active environment together with the sense to the participants that they are driving under conditions that approximate reality. Moreover, in the study of Plancher and colleagues (2010) different participants completed the incidental and intentional encoding conditions while in our study all the participants went through both tasks. In addition, from the findings of Plancher and colleagues (2010) it appears that both age groups of participants had very low scores on both intentional and incidental memory. This means that the participants could not retain an important amount of information independently of the form of encoding. Hence, the specific pattern of findings could at least be partially driven by the augmented level of task difficulty that reduces the age-related and interindividual variation and, therefore, gives space to floor-related effects to arise. Regarding the impact of gender, no significant differences were found in both incidental and intentional memory performance. Findings of the present study are being supported by previous studies suggesting males and females do not differ significantly in incidental memory (Cherney & Ryalls, 1999; Maccoby & Jacklin, 1974; Ryan et al., 2008) . Taking into consideration the existence of gender differences depending on the presented material, verbal or visuospatial (Lewin, Wolgers, & Herlitz, 2001; Lowe, Mayfield, & Reynolds, 2003) , some studies have argued that the differences reported between men and women are probably due to the nature of the memory stimuli that was being assessed and not due to the encoding condition. Specifically, in the study of Chipman and Kimura (1998) , the results revealed that females had a better performance than men only in the incidental and intentional tasks with verbal material while no significant differences were found in tasks engaging incidental and intentional memory with non-verbal stimuli. However, the present study was not designed to assess this research issue but to investigate gender differences in incidental and intentional memory independently of the nature of the stimuli.
The present study focused also on exploring the link of attention and executive functions with incidental and intentional memory. We found that almost all attentional and executive tests were associated with incidental memory but not with the intentional memory performance. The aforementioned pattern of findings in combination with the greater decline of incidental memory due to ageing could imply that the capacity to effectively carry out incidental memory processes is more strongly associated with the integrity of the overall cognitive system as indicated by the stronger connections that were observed with the functionality of the attentional and the executive system. Nonetheless, future longitudinal studies are required in order to increased our insight about the nature of the association that exist between attention or executive function and the different types of episodic memory encoding. Currently, the crossectional nature of this study has the capacity to evaluate the strength of associations among the various cognitive functions without however making inferences about causality.
According to our knowledge, this is the first study that used a driving simulator for the evaluation of incidental memory. In order to achieve increased ecological validity, we utilized technological advancements by selecting the driving simulator as a condition that effectively mimics everyday life. This decision was based on previous research that has shown that neuropsychological testing through virtual reality has greater ecological validity and is related as well with the traditional neuropsychological evaluation (Parsons, 2011; Parsons, Silva, Pair, & Rizzo, 2008) . This can be even more evident for driving simulators which provide experimental conditions very close to reality (Fisher, Rizzo, Caird, & Lee, 2011; Lew et al., 2005) . What is more, through the standardized protocol utilized by the driving simulator, all participants underwent the same active experimental procedure, thus reducing the amount of random errors that may influence the reliability properties of the obtained measures in a negative way. On the other hand, intentional memory was examined through two typical and commonly applied neuropsychological measures, the HVLT-R that assesses verbal memory and also BVMT-R that evaluates visuospatial memory. We recognize the application of different types of assessment for the evaluation of intentional and incidental memory as a potential restriction of the study. However, it would be inevitable to assess through the use of one task both memory procedures when evaluating the same group of participants. Nonetheless and more importantly, the tasks that were applied were comparable in terms of difficulty, thus creating a common ground for the exploration of the main goals of the study.
Incidental memory is a type of memory that is usually neglected from the standard neuropsychological assessment. However, our study suggests that deficits in incidental memory may be observed early in the ageing process, before the decline of intentional memory. Furthermore, in contrast to previous studies, the present study aimed to compare incidental and intentional memory performances through tasks with similar level of difficulty. The application of memory tasks with similar levels of difficulty was considered to be crucial for detecting the genuine impact of age on the performance profile independently of the cognitive demands of each task. The findings of the present study add to the existing knowledge about the presence of age-related memory impairments that are not easily identified through typical neuropsychological testing (Plancher, Tirard, Gyselinck, Nicolas, & Piolino, 2012; Rizzo, Schultheis, Kerns, & Mateer, 2004; Schultheis, Himelstein, & Rizzo, 2002) . A constraint of the study that should be noted is the presence of adequate statistical power only in the case of medium to large effect sizes because of the size of the sample that was introduced in the current study. The main reasons that did not allow the recruitment of greater number of participants were the extensive load of the assessment and the characteristics of the participants that should meet a variety of inclusion and exclusion criteria. Nonetheless, this restriction does not appear to influence in a critical way the main findings of the study because of the large effect sizes that were observed in the critical components of the applied statistical analysis.
Further research is required for detecting plausible links between common clinical conditions, such as MCI or prodromal AD (Dubois et al., 2014) , and early signs of cognitive deterioration as reflected by a marked difficulty in recalling information that was encoded under incidental conditions. Furthermore, the present study is supporting the development of specialized cognitive simulation measures that aim at enhancing the ecological validity of modern neuropsychological testing. Finally, future studies could explore the effectiveness of driving simulators and more generally of alternative "virtual reality" procedures on interventions that have as goal to enhance the cognitive functioning of older individuals in the case of both normal and pathological aging.
To conclude, findings of the present study suggest that incidental memory may be one of the first functions to decline with age while it does not differ according to gender. In addition, our results indicate that incidental memory is strongly associated with attentional and executive processes. Finally, it seems that the elderly are being selective about which information they will preserve in their memory as they are able to retain some information that has been memorized incidentally. Future studies should be conducted in order to enhance the present insight about the outcomes of this work by targeting apart from cognitively intact individuals and clinical populations as well.
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